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DETERMINING MEAT QUALITY OF A LIVE ANIM AL 

FIELD OF THE INVENTION 

5 The present invention relates to methods and systems of using animal temperature 
measurements to predict meat pH and stress levels, as well as meat quality in an animal. 
Also provided are animal identification tags incorporating temperature sensors. These 
devices are also useful in monitoring the physiological state of an animal. 

10 BACKGROUND ART 

Livestock stress has long been recognised as having a major impact on the post-mortem 
quality of the animal tissue. 1,2,3,4,5 

15 It is well known that stress causes the depletion of an animal's energy reserves through 
depletion of glycogen in muscle tissue, and causes an increase in pHL pH values in excess 
of 5.8 result in poor meat quality. PH values in the range 5.8 - 6.1 cause toughness and 
furthermore, values in the range 5.8 - 7.00 cause increasing deterioration K B ' c . Qualities 
affected include: 

20 

Colour : the higher the ultimate pH the darker the meat colour. Customer demand is for 
bright red, rather than dark, meats; 

Keeping ability : which decreases with the increase in pH; 
Texture : high pHs tend to produce rubbery, watery meats; and 
25 Tenderness : both high and low pH meats may be tender. 

However, because of the other disadvantages associated with high pH, low pH tender meat 
is preferable. High pH, poor quality meats are not suitable for the export market and are 
often down-graded resulting in multi-million dollar losses to the primary meat sector each 
30 year. 
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Major causes of stress include rounding up and lairage of animals on the farm, crowded 
transport conditions, driving animals over long distances without rest, and handling 
procedures at processing plants, such as prodding and washing. It has also been recognised 
5 that by feeding an animal prior to slaughter, muscle energy reserves can be restored and 
down-grading avoided. 4 In a ruminant animal such replenishment can take more than a day. 
In a monogastric, this is normally quicker. If a technology existed that could recognise at 
risk animals prior to processing then these animals could be treated. 

10 US Patent No. 5,458,418, and US Patent No. 5,595,444 disclose methods of detecting poor 
meat quality in animals using infrared thermography. A single thermographic temperature 
measure is taken of an animal prior to slaughter. Animals with a thermograph outside a 
predetermined test temperature range are rejected as likely to have meat of poor quality. 
Similarly, for a group of animals, animals showing a significant deviation in mean image 

15 temperature compared to the group mean temperature are rejected as likely to have meat 
of poor quality. 

The infrared thermography methods disclosed in these patents are subject to a number of 
drawbacks. A one point temperature measurement prior to slaughter cannot reflect thermal 

20 history, nor accurately predict its effect on meat quality. The single reading may detect 
acute stress shortly prior to slaughter but not cumulative stress over a period of time. A 
further drawback is that an animal may be rejected for slaughter as a consequence of its 
mean image temperature in comparison with the group and not by reference to an absolute 
standard. Thus, animals may be unnecessarily downgraded. It is for this reason that 

25 infrared thermography has not performed well in practice as a predictor of meat quality. 

It is an object of the present invention to provide a method for identifying stressed animals, 
or at least to provide the public with a useful choice. 
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The present applicant has found that in all animals subjected to stress, body temperature 
changes produce either an increase or decrease in skin heat loss. Changes in body 
temperature both up and down from the homeostatic norm are energetic that is energy must 
be used to re-establish norm by pulling body temperature up or lowering it (heat production 
5 or heat loss). Often these adjustments are quick and not reflected in deep body 
temperatures. They are, however, reflected in skin and surface temperatures and peripheral 
blood flow mechanisms ie. in the outer body. High energy expenditure can be made with 
little change seen in core temperatures. Falls in body/ skin temperature are as (if not more) 
energetically demanding than rises. 

10 

In terms of stress measurement both a fall, or rise, in skin/body temperature can be an 
important indicator of stress, and such changes can be important both acutely and 
chronically (i.e. a number of changes) over time. In terms of predicting meat quality, 
cumulative stress, or more specifically cumulative energy expenditure, is more important 
15 than acute stress (other than extreme acute stress). A cumulative measure of skin/body 
temperature changes (both up and down) can provide an index over time of the amount of 
energy spent by the animal. The more energy spent by the animal over a 24 hour period 
prior to its slaughter the more likely that the meat will be of poor quality if the animal is not 
allowed an additional period to replenish its energy stores via eating. 

20 

As stress has energetic consequences it can influence production return and can have 
implications for animal welfare. A simple tool for measuring and offering quality control 
on these would be useful. 

25 Animals that have meat ultimate pH levels in an acceptable range (pH 5.5 - 5.8) show a 
weak correlation between body temperature at slaughter and the actual meat pH. This 
correlation is greater if changes in body temperature are integrated over time, preferably 
for at least 12 hours prior to slaughter. A convenient way to do this is to use a cumulative 
variance around an averaged body temperature for an individual animal. Higher cumulative 

30 variances in temperature predict higher pH meat, a measure that relates to the amount of 
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glycogen residing in the meat. Based on the applicant's findings of the correlation between 
pH, temperature and stress, it is proposed that animal sensor devices may be produced to 
monitor body temperature, and its variance, as a measure of an animal's stress level and as 
a predictor of meat quality. 

5 

Animal temperature sensors are known in the art. For example, in US 3,781,837 and US 
4,865,044, tympanic temperature sensors are employed. In US 4,854,328, a temperature 
sensor device is implanted at the base of an animal's skull. An ear tag component is 
provided which incorporates a unit for receiving signals from the implanted sensor, and 
10 indicating means responsive to the generated signal. In the case of US 4,865,044, an ear 
tag is employed to contain the bulk of the temperature sensor circuitry, at a position remote 
from the tympanic animal temperature sensor. 

The use of tympanic and surgically implanted sensor devices is usually contraindicated 
15 because of the high invasive load on the animal. Further, dislodgement problems are also 
encountered with tympanic sensors. Where implanted devices are used, incisions can easily 
become infected and the implantation procedure is more difficult to carry out. 

Accordingly, it is a further object of at least a preferred embodiment of this invention to 
20 provide a temperature sensing device which overcomes some of these disadvantages, or 
again at least provides the public with a useful choice. 

In a first aspect, the present invention may be broadly said to consist in a method of 
providing an indication of pH levels in an animal, the method comprising: 
25 a) obtaining measurements corresponding to the body temperature of the animal at 
periodic time intervals; 

b) applying an algorithm to the measurements obtained from a) which algorithm 
cumulatively takes account of variations in body temperature over time; and 

c) comparing the results of the algorithm to a predetermined threshold or correlating 
30 the results of the algorithm with a pH standard. 
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One simple algorithm is to calculate cumulative temperature variance which may be 
calculated in a number of ways. A simple method discussed in greater detail below 
comprises: 

5 a) measuring the animal's body temperature at intervals over a period of time; 

b) determining that animal's average body temperature reading over that period of 
time; 

c) calculating the variance between each temperature measurements taken under a) and 
the average determined in step b); and 

10 d) adding all variance values calculated according to step c) to obtain the cumulative 
temperature variance score. 

To calculate cumulative temperature variance at least two temperature readings must be 
taken. For accuracy, it is preferred that multiple readings of 10 or more are taken in a 
15 predetermined time period. 

From our discussions above, the reader will appreciate that the pH level predicted is an 
indicator of meat quality, with a pH level greater than 5.8 indicating meat of poor quality. 

20 In a further aspect, the present invention provides a method of providing an indication of 
stress levels in an animal, the method comprising: 

a) obtaining measurements corresponding to the body temperature of the animal at 
periodic time intervals; 

b) applying an algorithm to the measurements obtained from a) which algorithm 
25 cumulatively takes account of variations in body temperature over time; and 

c) comparing the results of the algorithm to a predetermined threshold or correlating 
the results of the algorithm with a stress standard. 

In another aspect, the present invention provides a method of measuring stress levels in an 
30 animal, the method comprising measuring the animal's pH level using a method of the 
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invention, a pH level greater than 5.8 to 6.2 indicating a stressed animal. 



In accordance with a further aspect of the present invention there is provided a method of 
providing an indication of meat quality in an animal, the method comprising: 
5 a) obtaining measurements corresponding to the body temperature of the animal at 
periodic time intervals; 

b) applying an algorithm to the measurements obtained from step a), which algorithm 
cumulatively takes account of variations in body temperature over time; and 

c) comparing the results of the algorithm to a predetermined threshold or correlating 
10 the results of the algorithm with a meat tenderness standard. 

By way of example, the New Zealand lamb AC & A standard may be used as a meat 
tenderness standard. Outputs from the algorithm may be pre-calibrated to the standard so 
that in use, the result from the algorithm may be compared with the standard to give an 
15 indication of meat tenderness. 

In a specific form of the invention, the algorithm may calculate a mean of the 
measurements obtained in step (a); calculate a variance of each measurement from the 
calculated mean; and integrate the variances over time. In one preferred form of this 

20 embodiment, the measurements may be taken for a predetermined time period and a final 
mean calculated at the end of that predetermined time period. The integration of the 
variances will then be conducted over the predetermined time period. In an alternative 
version of this simple algorithm based on variances from a mean temperature, a running 
mean may be progressively determined from the measurements obtained in step (a). At 

25 each stage, the variation of the temperature measurement from the previous calculated 
running mean may be integrated over time. This reduces the memory requirements of the 
device to implement the method. 

More sophisticated algorithms may be employed which depart from the simple method of 
30 calculating the variances from the mean. These more sophisticated algorithms may 



WO 00/25131 . 7 . PCT/NZ99/00177 

determine a cumulative value which is dependent on progressive changes or trends in the 
measurements obtained from step (a), rather than being dependent on absolute temperature 
measurements. This avoids the need to calibrate the temperature sensors. 

5 Thus the measurements obtained from step (a) may or may not be actual temperature 
measurements. For example, in any embodiment utilising absolute temperature values, 
relatively inexpensive thermistors may be employed to obtain the temperature 
measurements with the circuitry in which the thermistors are employed compensating for 
any variation in the measured temperature from the real temperature. This calibration may 
10 be effected by calculating a correction coefficient and programming this into a 
microprocessor employed in the circuit. 

In more sophisticated algorithms which rely on temperature changes rather than absolute 
values, no calibration may be required. 

15 

The body temperature is preferably measured on the outer part of the animal since 
temperature adjustments to accommodate stress appear to be more pronounced on the outer 
part of the animal compound to core temperatures. In a most preferred form of the 
invention, the skin measurements may be taken e.g. on the ear of the animal. 

20 

In any embodiment in which the outer body temperature is determined on the skin, a 
correction for the effects of ambient temperature will be required. This can be achieved 
through the use of an ambient temperature sensor. Additionally, correction for solar 
radiation may also be required where the skin temperature sensor is exposed to sunlight. 
25 The body temperature may also be measured in more internal locations such as the inner 
ear. This may avoid the requirement for ambient temperature compensation. However 
stress induced temperature fluctuation may be less and more sensitive temperature 
measuring devices may be required when measuring in this position. 
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In the simplest of embodiments where the algorithm is applied at the end of the 
predetermined time period, a device implementing the method may be provided with an 
indicator to indicate the results of the comparison step conducted in step (c). If the failure 
of step (c) is indicated by way of a flashing light or audible alarm then the same facility 
5 may be used to periodically indicate the correct functioning of the device. For example, 
where a frequently flashing light indicates failure of step (c), an intermittent flashing of the 
same light may merely indicate that the device is functioning. A non flashing light will 
thus indicate to an attendant that the device has malfunctioned or has lost power. 

10 In the embodiment where the algorithm is progressively employed to the measurements 
obtained in step (a), step (c) may be employed after each implementation of the algorithm. 
Thus, if the animal fails the test at any point throughout a predetermined time period then 
an indicator may be employed to show that the animal has failed the test. The method may 
then be reemployed starting at the beginning of the predetermined time period. If at any 

15 time during the retest the animal fails step (c) again then the same indicator will indicate 
failure of the test and the process will be repeated. However, should the animal progress 
to the end of the predetermined time period without failing step (c) then an alternative 
indication may be given that the animal has passed the test for the full duration of the 
predetermined time period and thus is fit for slaughter. Suitably once the animal has 

20 reached this point it should be slaughtered without further delay and without the 
opportunity for the animal to incur further stress. 

In one specific implementation of the method, it may not be necessary to wait for the full 
duration of a specific predetermined time period if the time period from rounding up to 
25 delivery of the animals to the abattoir is less than the predetermined time period. In the 
method which progressively applies the algorithm, if the animal has not yet failed the test 
during the time thus far and if the conditions before the testing started were such that the 
animals were unlikely to be subjected to stress, then the animals might proceed to 
immediate slaughter. 
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In accordance with another aspect of the present invention, there is provided a system for 
providing an indication of meat quality in an animal to be slaughtered, the system 
including: 

a body mountable measurement device for obtaining measurements corresponding to the 
5 body temperature of the animal at periodic time intervals over a period of 3-36 hours; 
a processor having an input means to receive the measurements from the measurement 
device, the processor operable to implement an algorithm to the 

measurements, which algorithm cumulatively takes account of variations in body 
temperature over time, wherein the processor has an output means for the result of the 
HiO algorithm. 

Jif The system may be implemented in an all-in-one indicator device. Such a device may be 
M; mounted on the animal eg ear tag, tail tag or provided on a collar. The tag may also 
US incorporate the measurement device. In an alternative form of the invention, the 
ri5 measurement device may be remote from the tag. The measurements may be sent to the 
31 processor by way of a transmitter or by a cable. In one preferred form of the invention, the 
S measurement device may be provided by way of a thermistor to be deposited in the inner 
^ ear canal of the animal with a cable connected to an ear tag which houses the processor. 

20 In yet another embodiment of the present invention, the processor may be provided by way 
of a remote computer. In this embodiment, a device for mounting on the animal will 
suitably incorporate transmitters to send the measurements to the remote computer. The 
remote computer may be a field device which is able to sense and account for ambient 
temperatures and solar radiation. Alternatively, a separate field device may be provided 

25 to send information relating to ambient temperature and solar radiation to a remote 
processor. The remote computer also receives the measurements from the measurement 
device provided on the animal either directly or via the field device. 

The output from the processor may be in any of various forms. A simple numeric value 
30 may be output for the attendant to decide whether or not it falls within acceptable limits. 
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The value might be compared to a meat tenderness scale for quantitve assessment as to 
whether it falls within acceptable limits. However, in most embodiments it is preferred 
that the processor is operable to compare the outputs of the algorithm to a predetermined 
threshold. The system may also include an indicator to indicate where the output of the 
5 algorithm has exceeded the predetermined threshold. Any of the features described in 
connection with the above-described method of indicating meat quality may be 
implemented in the system. 

In accordance with yet another aspect of the present invention, there is provided a system 
^10 for indicating cumulative stress in an animal, the system including: 

a body mountable measurement device for obtaining measurements corresponding to 
y outer body temperature of the animal at periodic time intervals over a period of 3-36 hours; 
M- a processor having an input to receive measurements from the measurement device, the 

U1 processor operable to implement an algorithm to the measurements, which algorithm 
p.15 cumulatively takes account of variations in body temperature over time, wherein the 
21 processor has an output for the result of the algorithm. 

N" The system for providing an indication of stress may be implemented in any of the various 
forms discussed above for the system providing an indication of meat quality. Such a 

20 system for indicating cumulative stress might have particular application to animals where 
the effects of stress might be dangerous either to the animal itself, to other animals or in 
particular to humans. For example, horses might be more prone to erratic behaviour and 
a danger to their riders if they are subjected to sustained periods of stress. A system 
implemented in the form of an all-in-one indicator device may provide simple indication 

25 to the rider that the animal is stressed and needing rest or food. 

Preferably, the processor is also operable to compare the output of the processor with a 
predetermined threshold. The system preferably incorporates an indicator to provide 
indication that the predetermined threshold has been exceeded. In an all-in-one indicator 
30 device, this may be implemented by a simple visual indicator such as a flashing led. In an 
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embodiment with a remote computer then the output of the computer may provide the 
identification numbers of those animals which have exceeded the threshold. 

In accordance with a still further aspect of the invention, there is provided a system of 
providing an indication of ultimate meat pH of an animal, the system including: 

a body mountable measurement device for obtaining measurements corresponding to 
outer body temperature of the animal at periodic time intervals over a period of 3-36 hours; 

a processor having an input to receive measurements from the measurement device, the 
processor operable to implement an algorithm to the measurements, which algorithm 
cumulatively takes account of variations in body temperature over time, wherein the 
processor has an output for the result of the algorithm. 

In a further aspect, the present invention provides: 
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A temperature sensing device including: 

a tag having an attachment portion to extend through a body part of an animal, the tag 
5 incorporating an indicator means; and 

. one or more animal temperature sensors disposed on/in the attachment portion for contact 
with the animal during use. 

Preferably, the tag is an ear tag. Preferably, an ambient temperature sensor is also provided 
plO on the tag. Further, the tag may be provided with comparison means to compare the 
m ambient temperature with the animal temperature. An indicator may also be disposed on 
K the tag, the indicator being responsive to the comparison means. ^ 

Desirably, the tag comprises a one piece moulded body. 

□ 15 

m Also contemplated by the present invention is the use of the temperature sensing device in 
JS the methods of the invention as described above. 

This invention may also be said broadly to consist in the parts, elements and features 
20 referred to or indicated in the specification of the application, individually or collectively, 
and any or all combinations of any two or more of said parts, elements or features, and 
where specific integers are mentioned herein which have known equivalents in the art to 
which this invention relates, such known equivalents are deemed to be incorporated herein 
as if individually set forth. 

25 

The invention consists in the foregoing and also envisages constructions of which the 
following give examples. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be described with reference to the accompanying drawings 
in which: 

5 

Figure 1 is a diagrammatic view of an embodiment of a temperature sensing device 
of the present invention from the inward facing or "animal" side. 

Figure 2 is a side view of a temperature sensing device of the present invention. 

10 

Figure 3 is a diagrammatic view of an embodiment of a temperature sensing device 
of the present invention from the outward facing or "environment" side. 

Figure 4 is a graph plotting the ultimate pH of meat with temperature variance from 
15 Example 1. 

Figure 5 is a graph plotting the results of Example 2, correlating variance in skin 
temperature around a mean value over 24 hours in sheep with ultimate pH. 

20 Figure 6 is a graph plotting the results of Example 3 showing the mean and SD rectal 
temperatures of adult sheep with similar levels of infection taken at the same 
time each day at the same ambient temperature. The ear skin temperatures are 
plotted against corresponding the rectal temperatures. 



25 



Figure 7 



is a circuit diagram of a circuit which may be implemented in a temperature 
sensing device which is slightly modified from the device shown in Figures 
1 to 3. 
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Figure 8 is a graph plotting temperature readings and the output of a preferred 
algorithm in accordance with a preferred embodiment of the present 
invention. 

5 

DETAILED DESCRIPTION 

As summarised above, the present invention is based upon the applicant's unexpected 
finding of the correlation between stress, body temperature and variance over time of body 
10 temperature, pH and ultimately meat quality in livestock. This finding has important 
consequences for the agriculture industry generally and the primary meat industry in 
particular. By identifying stressed animals prior to slaughter, appropriate management 
techniques can be used to reduce the animals' stress level. This will ensure a higher quality 
meat product after slaughter. 

15 

The applicant's findings also have broader application to methods of predicting or 
measuring pH levels based on the pH/temperature correlation. 

Animal body temperature may be measured using a broad range of temperature sensors 
20 including tympanic, rectal, colonic, and skin sensors. Sensors ingested or inserted in bodily 
canals are not widely used due to the difficulty of inserting them, and because they are 
easily dislodged or expelled by an animal. Preferably, a skin temperature measurement is 
taken to avoid these invasive and less desirable alternative techniques. Conveniently, 
temperature may be measured using a temperature sensing device of the present invention 
25 discussed below. However, with temperature measurements from the skin as opposed to 
the body core, the ambient environmental temperature must be taken into account. The 
slope of prediction between variance in temperature and ultimate pH of meat shows 
consistency with temperature change. However, it shifts to the right, or to the left, 
depending upon the environmental conditions including temperature and solar radiation. 
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Measures of animal and ambient air temperature or measurements corresponding thereto, 
and usefully over a predetermined time period are required. On the farm, any time interval, 
regular or irregular, desired may be selected. Continual on-line monitoring not limited to 
a specific time period is contemplated. Alternatively, monitoring for selected time periods 
5 of hours, days, weeks or even months is feasible. 

In the slaughtering context, the correlation between body temperature at slaughter and pH 
levels of meat are stronger if the measures are integrated for an extended period, which may 
be up to 2-5 days, but is preferably between 3-36 hrs, more preferably 8-24 hrs and most 
10 preferably at least 12-14 hours prior to slaughter. 

-J3 Within the monitoring period it is preferred that measurements be taken at regular intervals 

Co 

W such as hourly, half hourly, every quarter hour, every ten minutes or the like. The 

U preferred regime is no more frequent than every ten minutes. 

8 15 

The applicants have found that skin/body temperature may reflect metabolic activities 
+! associated with the stress response. A greater stress response is likely to result in a greater 

□ metabolic activation to re-establish the homeostatic norm either through a greater 

H' generation of heat and elevation of body temperature or heat loss and a lowering of body 

20 temperature. Except in circumstances of pathophysiological heat exhaustion, dehydration 
or febrile responses these changes are usually short-lived in nature and small in magnitude. 

Measurements of animal body-temperature made at discrete points of time during the pre- 
slaughter period are unlikely to give a representation of the stress experienced cumulatively 
25 over the preslaughter period. A single experienced stressor is unlikely to cause meat 
quality problems whereas cumulative stressor exposure over a period of time, without 
replenishment, will do so. 
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Correspondingly, single point temperature measures may well coincide with either a single 
stressor induced peak or a trough between numerous stressor induced peaks in body 
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temperature, either way unlikely to provide an accurate assessment. It is for this reason that 
measurements over a time period prior to slaughter are required. 

The applicant hypothesised that the best measure of energy used, and by correspondence 
glycogen depleted from muscles and predicted ultimate pH, would be the variation in body 
(or skin) temperature over time. The variation will represent both periods in which 
skin/body temperature has fallen and the required energy consumption to correct, and 
periods in which body temperature has risen, reflecting increased metabolism and its energy 
consumption and necessitating heat loss. 

A measure of the temperature variation (variance) can be calculated in numerous ways. 
However, a simple cumulative measure using single measure sample period repeated over 
the required time is as follows: 

find the arithmetic average (x) of all the pooled samples (y l,....yn) where 1 = the first 
sample variable y and n the last in the sequence, which is also the total number of 
samples. x=sum(y l+y2+ ...y n )/n 

measure and record the variance (vl,...vn) of each sample (yl...yn) from this average 
(x) (i.e. the difference between each sample and the average). Irrespective of whether 
each sample point is less or more than the average the difference will be indicated as 
a positive number. vl=x-yl,....vn=x-yn. 

A further weighting may to be given to each variance dependent upon whether it is above 
or below the average. Values above the average or mean have energy associated both with 
generation (variance) and the energy loss through heat transfer needed to return to the 
average. As such their variance weighting should be greater than those below the average 
that utilises energy only in returning to the average baseline. 
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These numbers are then cumulatively added to give a variance score over a predetermined 
time period. This time period will usually need to be 12 hours or greater to provide 
meaningful interpretation as to glycogen depletion and energy usage as discussed above. 
vc=Sum(v 1 +v2+ . . . . vn) 

5 

The greater the cumulative score, the greater the energy usage that has occurred and 
correspondingly the greater the likelihood of both glycogen depletion and subsequent post- 
slaughter poor meat quality. 

10 To calculate the prediction of meat quality a weighting should also be given to the variance 
depending upon the environmental conditions. Increasing ambient temperatures are 
associated with a subtractive weighting, decreasing ambient temperatures with an additive 
weighting. Solar radiation can also be accommodated for using this method. 

15 The weighting for ambient temperature is approximately ± 0.2 pH unit per 3°C above and 
below 20°C (standard weighting of zero). 

Based on the applicant's determination of a correlation between temperature and pH, the 
cumulative effects of variation in body temperature can be manually or electronically 

20 correlated with ultimate meat pH using a standard. For example, standardised against a 
Mettler Toledo pH meter and standards (Mettler Toledo GmbH, Steinbach). Further it could 
be correlated to any other measure of hydrogen ion concentration, typically using a glass 
electrode, but other methods including ion selective field effect transistor electrodes could 
be used. As the increasing pH in meat is correlated with an increase in lactate, a measure 

25 of lactate also provides suitable correlation. 

The pH level measured can be used as an indicator of an animal's stress level, a pH of 
greater than 5.8 indicating stress. 
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Where an animal is found to be stressed, remedial action to lower stress levels can be taken 
prior to slaughter. A period of feeding should alleviate stress by replenishing glycogen in 
muscle tissue. This action helps prevent or eliminate post-slaughter meat quality problems. 

5 The methods of the invention may be used in relation to a broad range of animals including 
domesticated livestock such as sheep, cattle, deer, pigs, chickens, turkeys, ducks, emus, 
ostriches, rodents , chinchillas and additionally rabbits, possums, goats and the like, as well 
as the feral counterparts of all of these. Preferred livestock for analysis are sheep, cattle, 
deer and pigs. 

10 

As noted above, the present invention also provides a temperature sensing device depicted 
yQ generally by the numeral "10" in the accompanying figures. The sensing device (10) is 
2 useful in the methods of the invention for measuring temperature. A sensing device (10) 
rf of the invention includes a tag represented by the numeral "12". The tag (12) may comprise 
*15 any of the tags known in the art which can be attached to the skin of an animal, including 

through the skin, folds thereof, or tissues. Examples of useful tags include ear tags, back 
=C tags and tail tags. 

2 Ear tags are conveniently employed. 
20 

Two part ear tags are disclosed in US Patent No. 4,854,320 or three part tags of the type 
disclosed in US Patent No. 5,675,920 may be used. One part tags wherein an attachment 
portion of the tag passes over the top of, and back through the ear and tag are also feasible. 
Currently preferred is a two part tag as illustrated in Figure 2. For example, the Tru-Test7 
25 perma-flex ear tag (Tru-Test Limited, 241 Ti Rakau Drive, East Tamaki, Auckland, New 
Zealand). The tags are generally useful for domestic livestock such as sheep, cattle, deer 
and goats but are not limited thereto. 
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The tag (12) incorporates at least one attachment portion (14). The attachment portion (14) 
comprises any suitable attachment means known in the art including any form of skin 
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piercing. The attachment portion (14) may be selected according to the position of 
attachment on the animal. Suitable attachment portions may include shafts, bands, hooks 
insertable into or through selected animal tissues, or attachment portions adherable thereto. 
For example, tags could be superglued to the skin of an animal at a desired location. 
5 Preferably, the attachment portion (14) includes a shaft (17) insertable through the ear of 
an animal. Where necessary backing member(s) (15) may be used to securely fasten the 
tag to the ear of the animal. The backing member (15) may include a further tag body in 
some cases. Alternatively, in one embodiment discussed above, the attachment portion (14) 
may be secured back to the tag (12). 

10 

The tag (12) incorporates at least one animal temperature sensor (20) disposed on or in the 
tag. The sensor (20) is disposed at any location on or in the tag (12) which ensures contact 
of the sensor (20) with the animal during use. In one embodiment the sensor (20) is in the 
vicinity of the attachment portion (14). In a preferred embodiment shown in Figure 2, the 
15 sensor (20) is provided on or in the shaft (17) of the attachment portion (14). The location 
of the sensor (20) in the shaft (17) ensures close contact of the sensor with the animal ear. 

The temperature sensor (20) itself may comprise any suitable sensing means known in the 
art including electronic sensors or thermistors. Temperature sensors suitable for use in the 
20 invention are disclosed in US 4,854,328 and US 4,865,044 at least. 

As discussed above, where outer body temperature readings, such as skin temperature are 
used, then the ambient environmental temperature should also be measured. For example, 
on a hot day an animal's body temperature will rise. If not correlated with air temperature 
25 this would falsely indicate a stressed or sick animal. Logically therefore, a more accurate 
assessment of an animal's body temperature can be made if the ambient air temperature is 
taken into account. 

Accordingly, while a tag (12) without an ambient temperature sensor is contemplated, the 
30 tag (12) preferably further includes at least one ambient temperature sensing means (18) 
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provided on the tag (12) at any position suitable for measuring ambient air temperature. 
Most usually, the ambient temperature sensor (18) will be disposed on or in the side of the 
tag (12) away from the animal, as shown in Figure 1 . Temperature sensors of the type used 
for animal temperature measurement may also be employed for ambient temperature 
5 measurement. Such other air temperature sensors as are known in the art may also be used. 

Correlation of both body and air temperature data can be performed manually by an 
observer. However, it is preferred that the sensing device (10) further include comparison 
means for correlating temperature data from both the air and body temperature sensors (18 
10 and 20). Usually, the comparison means will be a microprocessor (22) but application 
specific electronics could also be implemented. 

In order to resolve difficulties associated with heating of the ear tag due to solar radiation, 
the animal temperature sensor could instead be located some distance from the tag. This is 
15 easily done by positioning the body of the tag just inside the ear flap and the sensor just 
inside the ear canal. The sensor can be located on the end of a flexible wire and glued to 
the ear. Ambient temperature effects can be minimised by covering the sensor with a small 
dot of foam insulating tape. 

20 The data output of the body and/or temperature sensor means (18 and 20) may also or 
alternatively, be sent to remote evaluation means. This will generally require the coupling 
of the sensor means (18 and 20) to a transmitter. Temperature data as well as animal 
identification data is transmitted to a remote processor such as a computer. In the case of 
tagged animals this will permit remote monitoring and checking to be performed, 

25 continuously if desired. 

In the presently preferred embodiment, the temperature information gathered by both 
sensors (18 and 20) is relayed to microprocessor (22). In this regard, refer to Figure 7 
which illustrates the circuit diagram for a device according to a slightly modified 
30 embodiment. While changes would be required to implement this circuit in the present 




WO 00/25131 . 21 - PCT/NZ99/00177 

embodiment the principles of operation are the same. Reference is also made to US 
4,854,328, US 4,865,044 and US 3,781,837 which disclose circuitry which could be 
adapted for this use. 

5 The microprocessor (22) is in turn in responsive communication with indicator means (16). 
The indicator means (16) may be selected from a broad range of currently known indicators 
including electronic, visual and acoustic signal generators but are not limited thereto. 

In the case of an electronic indicator this may be a device programmed to give out a 
10 perceivable signal once a certain predetermined temperature is reached. 

In one embodiment, the indicator means (16) may comprise a temperature responsive 
substance which generates a visual, electromagnetic, electrochemical, or other measurable 
signal when a predetermined temperature is exceeded. Visual changes such as a change in 
15 colour are conveniently employed. Colour change indicators will generally comprise a 
substance which undergoes a change in state at a precise and predetermined temperature. 

In a further embodiment, the indicator means (16) may comprise a plurality of regions, 
generally less than 10 and preferably less than 5, which undergo a change of state at 

20 precise, graduated predetermined temperatures. When colour changes are employed this 
may usefully result in the graduated change in colour of the indicator from a small portion 
to substantially the entire indicator. In an embodiment which progressively applies the 
algorithm resulting in a progressively increasing cumulative value, this progressive colour 
change might effectively indicate the progressively increasing cumulative value. 

25 Alternatively, the colour change might be simply representative of increasing animal 
temperature. Alternatives include a "traffic light 55 indicator which, for example, changes 
from green, to amber, and finally to red as the threshold is exceeded. Other possibilities 
include opaque materials becoming transparent or translucent to reveal underlying colours 
as the cumulative value increases or the temperature changes. 



30 
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The indicators may undergo irreversible changes, especially when continuous monitoring 
is not contemplated. 



Further visual indicator means (16) include, for example, LEDs or flashing lights. 
5 Alternatively, audible alarms may be triggered. Combinations of all such indicator means 
are also feasible. Also contemplated are outputs readable at remote locations. A wide 
range of indicator means (16) which may be employed in the invention are disclosed in the 
following US patents: US 3,781,837, US 4,865,044, US 4,854,328 and US 5,675,920 
amongst others. 

10 

Depending on the types of sensors, indicator and comparison means employed, the sensor 
device may require a power source. While solar powered devices are contemplated, at least 
one battery will usually be incorporated into the sensing device (10). In the preferred 
embodiment depicted in Figure 1, a battery "24" is employed. A wide variety of batteries 
15 (24) are currently available and suitable for use in the ear tag (12). 

Where batteries (24) are employed as a power source it is important to identify when a 
battery (24) has malfunctioned or expired. An indicator showing when the power source 
has failed would therefore be useful. An appropriate indicator is identified by the numeral 

20 "26" in Figure 1 . As with the sensing means, useful indicators include electronic, audio 
and visual signals as discussed above. For example, when the battery has failed an audible 
signal could be emitted, driven by a small backup power source. Preferably however, the 
signal is a visual colour change signal, or extinction of an "OK" LED signal. The colour 
change may be signalled as an alternative to the temperature colour change signal, or in 

25 addition to it provided that the colour changes are distinctive. 

The tag(12) may further incorporate communication means. The communication may 
comprise the export of data and/or for the import of energy. Accordingly, uni- and bi- 
directional communication means are contemplated. Suitable communication means are 
30 identified in the US patents referenced above. They include at least one transmitter and/or 
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antenna but are not limited thereto. In a preferred embodiment of the present invention an 
antenna (28) is included in the tag (12). The antenna (28) preferably allows bi-directional 
data communication with the tag (12). 

5 In one use, the antenna (28) provides a means of recharging the battery (24) by use of 
electromagnetic radiation or an externally applied radio frequency field. In a further use, 
the antenna (28) permits export of data for logging purposes. Communication may be to 
remote data logging means to facilitate off-site monitoring of animals. Exported data 
signals may also provide information relating to the identification number of the animal. 

10 

It is also customary for tags (12) to include animal identification means. In a simple form 
this may comprise a unique visual identification means such as a symbol, colour or pattern. 
Preferably, the visual ID comprises an alphamerical number (30) as shown in Figure 3. 
Alternate identification means include electronic identifications, or electronically readable 
15 signals which uniquely identify a given animal. Any such electronic signals which are 
known in the art may be used. One embodiment preferred is the inclusion of a barcode (32) 
on the tag (12) as shown in Figure 3. This facilitates scanning of the tag (12) and 
correlation of data with pre-existing information for the uniquely identified animal. 
Specific identification systems can also assist in discouraging theft of stock. 

20 

The electronic componentry of the ear tag (12) comprising any of all of the antenna (28), 
battery (24), battery indicator (26) and microprocessor (22) may be provided on or in the 
tag (12) conveniently on a circuit board (34). Preferably, the componentry is provided 
within the tag (12) to prevent damage. This may be achieved by covering the componentry 
25 once fixed on the tag (12). The cover may be permanently fixed in place or can be 
releasable. A releasable cover would allow for battery replacement. If the cover is fixed, 
this may be achieved by gluing, plastic welding or other known fastening means. 

Conveniently, the tag (12) is a one piece moulded body. 
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In a preferred form the tag (12) comprises an integrally moulded body with the 
componentry sealed therein. 

In use, the temperature sensors (1 8 and 20) of the ear tag (12) will collect temperature data 
which is communicated to the microprocessor (22) to perform the necessary cumulative 
algorithms discussed above. 

If the outcome of the calculation is a temperature threshold value that indicates a pH of 
poor quality (greater than 6.2) then a power surge is directed to the indicator to cause an 
electronic, visual or audible change. The livestock owner or manager can then take steps 
to reduce the stress level in the animal through appropriate feeding regimes. 

High temperature readings may also indicate infected or otherwise unhealthy animals. For 
pathophysiological measurement either a spike or chronic rise in body temperature can be 
an important diagnostic tool of disease while longer term tracking can show whether 
therapeutic treatment of the disease is effective. The tags can therefore serve the dual 
purpose of signalling the state of health of the animal apart from stress responses. In 
related applications, the tags can be used in monitoring the status of other processes in 
animals which at some point are characterised by temperature changes. An example of this 
is measurement of hormone changes or cycles such as oestrous in an animal. 

The useable lifetime of the tag is approximately one month. The lifespan of the tag can be 
extended through the incorporation of a battery (24) able to be recharged by 
electromagnetic radiation or radio frequency in the field. Accordingly, both disposable 
single measure tags (12) and reusable tags (12) are contemplated herein. Disposable tags 
(12) may be particularly appropriate for short term use in the pre-slaughter period. Custom 
electronics could greatly increase this lifetime. Once tag identification of a problem 
occurred, an electronic ID associated with the tag could activate automatic drafting of the 
animal from a group for remedial action. 
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Figure 7 is a circuit diagram of a circuit (40) appropriate for use in a tag such as that 
illustrated in Figures 1 to 3, except without the antenna (28). 

At the heart of the circuit is microprocessor (42) which receives imputs from ear 
5 temperature sensor TH2 and ambient temperature sensor TH1. The microprocessor (42) 
implements an algorithm which cumulatively takes account of temperature variations in an 
animal over time. Simple algorithms integrating variations from a mean body temperature 
over time have been described above. Also described below is a more sophisticated 
algorithm which may be implemented by microprocessor (42). As an additional input to 
10 the microprocessor (42), there is provided a clock (44) which controls the sampling interval 
at which the microprocessor (42) receives temperature readings from thermisters TH1 and 
TH2. 

The circuit (40) is driven by battery (46) which provides power to the circuit for up to six 
15 weeks. A lamp 48 such as LED Dl may flash at intermittent intervals, say every 5 to 10 
seconds, to indicate that the circuit is operating. The LED Dl may also be used to provide 
an indication when the output of the algorithm is such as to exceed a predetermined 
threshold. In that case, the LED may flash frequently, say every 1 second. This will attract 
the attendant's attention so that the stressed animals will not be put to immediate slaughter 
20 but instead rested and revived as required. 

The circuit (40) also includes an optional memory unit (50) which can store up to 4,000 
temperature measurements. This will be implemented if the tag is to be used as a 
diagnostic tool. The data stored in the memory unit (50) may be uploaded via the optional 
25 interface (52). 

A more sophisticated algorithm for obtaining a cumulative measure of temperature 
variations in an animal will now be described. 
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10 



Variable definitions: 

Let t ear be the instantaneous ear temperature 

Let t ambtent be the instantaneous ambient air temperature 

d is the difference between ear and ambient temperatures 
fast is the fast-response filter element 
slow is the slow response filter element 

v is the integral of the difference between the two filter elements 



c } is the time constant of the fast filter . The time constants are selected according 
to sampling interval time and threshold detection level. 
c 2 is the time constant of the slow filter 
Time constants are such that c y >c 2 , 0<Ci<l, 0>c 2 <l 
15 n is the count for the sampling time interval 

Initialise: 

d() = t ear -t ambient 

20 fast 0 =d 0 
slow 0 —d 0 
v 0 =0 

At each sampling time interval: 

25 d n — t ear " tambient 

fast„ = (l-ci)*fast„., + cj*d n 
slow„ = (l-C2)*slow„-i + c 2 *d n 
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v„ = v„./ + (fast n -slow„) 
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The microprocessor is programmed to repeat the algorithm regularly at each sampling 
interval until a predetermined time period has elapsed. If at any time during this 
predetermined time period v„ exceeds a predetermined threshold then the animal is taken 
5 to be stressed and lamp (48) of circuit (40) will flash frequently to provide appropriate 
indication to the attendant. The timer will reset and remain at 0 until v falls below the 
threshold, at which point the timer will start counting for a predetermined animal 
withholding period, the timer will again be set to zero. In this way it is ensured that the 
animal effectively recovers from stress, prior to slaughter. 

10 

If, at the elapse of the predetermined time period v„ is less than the threshold then the 
animal is taken to be within acceptable cumulative stress limits. The lamp (48) may 
provide an indication that the threshold has not been exceeded. 

15 In the above described algorithm, the entire history of temperature readings is not required, 
only the most recent reading. Thus, the algorithm requires only three storage locations to 
be preserved between time steps. 

The use of the filter elements removes any dependence on absolute reference temperatures 
20 and the need to calibrate the temperature sensors. The filter elements detect trends rather 
than absolute temperature values. 

The filter elements are more resistant to the effects of measurement noise than simple 
threshold detection. 

25 

Figure 8 illustrates an example for the particular algorithm described above. Note that the 
threshold detection is immune to base line shifts or small spikes in the data. Instead, a long 
consistent temperature rise is required for detection. The algorithm thus effectively models 
the rise in body temperature due to stress. 
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Non-limiting examples illustrating the invention will now be provided. 
EXAMPLE 1 

5 

Data were obtained in the following manner: 

Three groups of twenty prime bulls (18 months of age) were exposed to periods of stressful 
handling during a 24 hour period lead up period to slaughter. 

10 During this time skin temperature from the ear of each individual animals was measured 
every 10 minutes. From this an average was calculated and the cumulative variance 
measured by adding each individual measure difference from the average. 

Cumulative variances were then plotted against individual ultimate pH values obtained 
15 post-slaughter from meat. Variance values against a set ultimate pH value are presented 
as an average and standard deviation. 

Each group of animals was exposed to a different controlled ambient temperature of 16, 
20 or 24 degrees Celsius for the trial period. 

20 

In each case the correlation coefficient r 2 was greater than 0.90 for variance in temperature 
predicting ultimate pH of meat. 

Figure 4 presents data for the relationship between variance in temperature and ultimate pH 
25 of the meat. Note that below a pH of 6.0 no clear relationship exists. As depicted, variance 
in body temperature predicts only a pH above 6.0. 

For ultimate pH prediction an equation can be calculated to provide an algorithm 
combining the cumulated variance and the environment temperature. 
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EXAMPLE 2 

20 Adult sheep were subjected to various stressors including rounding up, lairage and 
transport in the 24 hours prior to slaughter. Ear skin measurements were made during this 
5 time, every 15 minutes. For each animal, measurements were averaged over the 24 hours 
and then for each measured point a variance from mean score was given using degrees 
Celsius above or below the mean. 

The greatest total individual variance was ranked numerically as 10 and the others 
10 normalised as a dividend of this. These variances were then correlated with the ultimate 
pH obtained from the meat of the slaughtered animals. The results are shown in Figure 5 
which shows relationship of variance in skin temperature around a mean value over 
24 hours in sheep correlated against their ultimate pH. The correlation coefficient is 
displayed. This data suggests that in sheep, as for cattle, measurement of variation in skin 
15 or body temperature over a period prior to slaughter can predict the ultimate meat quality. 

EXAMPLE 3 

A group (14) of adult sheep being monitored developed respiratory and parasitic infections. 
20 Monitored ear skin temperatures showed good correlation (correlation coefficient of 0.8 1 ) 
with rectal temperatures in terms of fever peaks and return to normal body temperatures 
with treatment. 

The data plotted in Figure 6 supports the notion that ear skin or ear canal temperature can 
25 be used to measure pathophysiological states that have accompanying febrile symptoms 
and recovery from these states. 
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It will be appreciated that the above description is provided by way of example only and 
that variations in both the materials and techniques used which are known to those persons 
skilled in the art are contemplated. 
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